[ENGLISH TRANSLATION] 



Japanese Laid-open 
Laid-open Number: 
Laid-open Date: 
Application Number: 
Filing Date: 
Applicant : 



Patent 



Hei 4-307727 



October 29, 1992 

Hei 3-71714 

April 4, 1991 

SEIKO EPSON CORPORATION 

4-l,Nishi-shinjuku2-Chome, Shinj uku-ku, Tokyo 



Inventor: 



Tsutomu HASHIZUME 



C/O SEIKO EPSON CORPORATION 

3-5, Owa 3-Chome, Suwa-shi, Nagano 



[Title of the Invention] METHOD OF FORMING A SILICON SEMICONDUCTOR LAYER 



[Object] To devise a method of irradiating a laser beam to a silicon 
layer to thereby form a uniform polycrystalline silicon layer on the 
entire substrate. 

[Structure] An amorphous silicon layer with a hydrogen content 
of 1% or less is formed on a silicon substrate or an insulating substrate, 
and an excimer laser in which an energy strength distribution is improved 
to have a rectangular shape is irradiated thereto. A laser beam emitted 
from a laser source 201, in which an energy strength exhibits a pseudo 
Gaussian distribution, is improved to a laser beam having a 
trapezoid-shape energy strength distribution by a special optical system 
such as a fly-eye lens 204. Subsequently, this laser beam is improved 
to a laser beam 208 having a rectangular-shape energy distribution by 
being passed through a convex lens 205 and a concave lens 206, and then, 
being passed through a mask 207 made of high-melting point metal, to 
thereby be irradiated to the silicon layer. Even if the improved beams 
are annealed in an overlapping manner, edge portions of the beams are 
not nonuniform. Thus, a uniform silicon layer with high quality can 
be formed over the entire substrate. 



[Abstract] 



(Amended) 
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[Scope of claims] 
[Claim 1] 

A method of forming a silicon semiconductor layer, characterized 
by comprising the steps of: 

forming a silicon layer on a substrate; 

irradiating a light beam with a short wavelength to the silicon 
layer a part of which is shielded against light by a shielding plate; 

irradiating the beam to the silicon layer plural times; and 

overlapping irradiation surfaces of the respective beams on the 
silicon layer. 

[Claim 2] 

A method of forming a silicon semiconductor layer according to 
claim 1, characterized in that the light beam with a short wavelength 
is pulsed light. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Industrial Application] 

The present invention relates to a structure of a semiconductor 
integrated circuit, an SOI, an active matrix type thin film transistor, 
and a three-dimensional element. 

[0002] 

[Prior Art] 

Up to now, a semiconductor thin film on a single crystal insulating 
substrate is known to have the following advantages in comparison with 
a bulk semiconductor as seen in an SOS (silicon on sapphire) . 
[0003] 

(1) When the semiconductor thin film is cut into an island shape 
or is subjected to dielectric separation, the separation between elements 
can be conducted easily and reliably. (2) A P-N junction area is made 
small, whereby a stray capacitance can be made small. 

[0004] 



Further, the single crystal insulating substrate such as sapphire 
is expensive. Thus, insteadof this, there is proposed a method of forming 
a semiconductor thin film on an amorphous Si0 2 film formed by oxidizing 
a molten crystal plate or Si substrate at a temperature of 1000°C or 
higher, an amorphous Si0 2 film deposited on the Si substrate, or an 
amorphous SiN film. However, since the Si0 2 film or SiN film is not 
a single crystal film, when a silicon layer is formed to cover the film 
and crystallization is conducted thereto at a temperature of 1000 °C 
or higher, polycrystal grows on the substrate. The grain size of the 
polycrystal is several tens of run. Even if a MOS transistor is formed 
thereon, the carrier mobility is approximately one-severalth as large 
as that of the MOS transistor on the bulk silicon. 
[0005] 

The MOS transistor on an inexpensive glass substrate having a 
distortion temperature of 850°C or lower, which is used for an active 
matrix substrate of a liquid crystal display body, can not apply a process 
performed at 1000°C or higher, and thus, the grain size of the polycrystal 
is at most several nm even if a silicon layer is deposited by a reduced 
pressure chemical vapor deposition method. Therefore, even if the MOS 
transistor is formed on the silicon layer, the carrier mobility is 
approximately one-several tens as large as that of the MOS transistor 
on the bulk silicon. 
[0006] 

Therefore, a method is examined recently in which a silicon thin 
film is scanned with a laser beam, an electron beam, or the like, and 
melting and resolidif ication of the thin film is conducted, whereby 
the crystal grain size is increased to conduct single crystallization 
orpolycrystallization. In accordance with this method, a silicon single 
crystal phase with high quality or polycrystal with high quality can 
be formed on the insulating substrate, and the characteristic of the 
element formed using the silicon single crystal phase or polycrystal 
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is also enhanced and improved to approximately the same level of the 
characteristic of the element formed on the bulk silicon. Further, in 
this method, the element can be laminated, and what is called a 
three-dimensional IC can be realized. Also, a circuit having features 
such as high density, high speed, and multifunction can be obtained. 
[0007] 

As an example in which a high-quality silicon layer is formed using 
a laser beam to thereby manufacture a thin film transistor is given 
Extended Abstracts of the 22nd (1990 International) Conference on Solid 
State Devices and Materials, Sendai, 1990, pp. 967-970 "XeCl Excimer 
Laser-Induced Amorphization and Crystallization of Silicon Films". 
[0008] 

[Problems to be solved by the Invention] 

However, it is difficult that crystallization is conducted 
uniformly to a silicon layer over the entire substrate by irradiation 
of a laser beam. In order to obtain a high-quality silicon layer, which 
is f ormedby a PECVD method or a reduced pressure chemical vapor deposition 
method, by using the laser beam, appropriate energy is required. As 
in the above-described conventional example, in case of an amorphous 
silicon layer containing hydrogen obtained by decomposing monosilane 
by a glow discharge, a polycrystalline silicon film with a large grain 
size can be formed with the appropriate beam energy. However, if energy 
is smaller than the above-mentioned energy, a microcrystalline silicon 
layer is formed. 
[0009] 

In an excimer laser used in the above-described conventional 
example, the energy distribution of the beam with respect to a section 
perpendicular to a travelling direction of the beam exhibits a pseudo 
Gaussian distribution as shown in Fig. 4, and the beam does not always 
have a constant energy distribution. Thus, a portion of the silicon 
layer with a large grain size and a portion of the microcrystalline 
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silicon layer are formed depending on the energy strength of the beam, 
and a silicon layer with uniform quality can not be obtained. In the 
conventional example, in order to obtain a uniform polycrystalline 
silicon layer over a large surface area, a method of annealing while 
shifting the position of a laser beam with a minute interval has been 
attempted. However, this method has a fault with very low efficiency 
since the silicon layer at the same spot has to be irradiated several 
tens of times. In addition, this method has a fault in that the surface 
of the silicon layer becomes rough or the damage occurs in the thin 
film which is attached and covered with the silicon layer since the 
laser beam with energy having larger strength than that of the energy 
for obtaining the silicon layer having inherently a large grain size. 
[0010] 

On the other hand, such an attempt has been conducted in which 
a special optical system is provided between an oscillation source of 
a laser beam and a silicon layer as a sample to thereby uniform a beam 
energy distribution. 
[0011] 

However, the result of the improvement of the beam strength 
distribution by the special optical system is that uniformity is not 
seen over the entire beam, and nonunif ormity is still observed at the 
edge of the beam. In the portion where the energy strength is insufficient, 
in case of the silicon layer formed by PECVD, the microcrystalline silicon 
layer is obtained in the portion where the beam energy strength is 
insufficient, and then even if irradiated with energy necessary for 
forming the silicon layer having grains with a large grain size from 
the initial silicon layer, the microcrystalline silicon layer does not 
change in a microcrystalline state. Therefore, the energy beam having 
a nonuniform energy strength distribution as in the conventional example 
has a fault in that a silicon layer having a wider surface area than 
that of a pulse laser beam can not be made to have uniform high quality 
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by irradiation of the pulse laser. 
[0012] 

[Means for solving the Problems] 

The present invention has been made in view of the above-described 
problems , and there is provided amethod of forming a silicon semiconductor 
layer in which a silicon layer having a wider surface area than that 
of a pulse laser beam is made to have uniform high quality by irradiation 
of the pulse laser. 
[0013] 

[Embodiment] 

Hereinafter, an embodiment will be described in detail with 
reference to the accompanying drawings. 
[0014] 

The embodiment is shown in Fig. 1 
[0015] 

First, as shown in Fig. 1 (a) , on a transparent insulating substrate 
101, a silicon dioxide film 102 formed by an electron cyclotron resonance 
sputtering method is formed with a thickness of 200 nm. Instead of the 
silicon dioxide film, an insulating film made of SiNx, SiON, PSG, or 
the like may be used. 
[0016] 

Next, an amorphous silicon layer 103 with a thickness of 50 nm 
is formed at a temperature of 550°C by a reduced pressure chemical vapor 
deposition method, for example. As described above, the silicon layer 
formed by the reduced pressure chemical vapor deposition method has 
a hydrogen content of 1% or less in atom ratio. 
[0017] 

Then, as shown in Fig. 1(b), a surface of the silicon layer 103 
is irradiated with a laser beam 104 . The laser beam is of an XeCl excimer 
laser, and has a wavelength of 308 nm. With respect to the amorphous 
silicon layer, the wavelength of 308 nm has an absorption coefficient 
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of 10 s cm" 1 , which is large, and thus, most of the laser beam energy 
is absorbed into the silicon layer. The laser beam conditions are a 
half width of 50 ns and an energy density of 200 to 400 mJcm" 2 . The 
geometrical size of the beam on an irradiation surface is a square with 
one side being 10 mm in length. The geometrical size of the beam can 
be changed as the occasion demands. 
[0018] 

Subsequently, the improvement of the energy distribution of the 
laser beam 104 is described with reference to the drawing. The energy 
distribution of a laser beam 202 emitted from a laser source 201 shown 
in Fig. 2 exhibits a pseudo Gaussian distribution as shown in Fig. 2. 
The laser beam 202 passes through an attenuator 203 and a special optical 
lens 204 such as a fly-eye lens . The attenuator 203 attenuates the laser 
beam energy as the need arises. By using the special optical lens 204, 
the energy distribution of the laser beam is improved from the pseudo 
Gaussian distribution to the pseudo trapezoid-shape energy distribution 
in which the energy density has a constant peak Emax shown in Fig. 3 (a) . 
Then, the laser beam the energy distribution of which is improved to 
have the pseudo trapezoid-shape is passed through a convex lens 205. 
Then, the laser beam that has passed through the convex lens 205 is 
passed through a concave lens 206. The distance between the convex lens 
205 and the concave lens 20 6 is changed, thereby being capable of changing 
the size of the beam. Further, the laser beam that has passed through 
the concave lens 206 becomes parallel light. The laser beam that has 
passed through the concave lens 206 is passed through a mask 207. A 
material of a substrate of the mask 207 is high-quality quartz . As shown 
in Fig. 4, a pictorial portion 401 of the mask which blocks laser light 
is comprised of a high-melting point metal such as tungsten. 
Alternatively, there may be used a metal thin film having a large 
reflection coefficient with respect to the light with a wavelength of 
308 nm. The laser beam passes through the mask 207, whereby a laser 
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beam 208 can be obtained which has its extremely steep edge and which 
has the rectangular energy distribution in which the energy density 
of the portion other than the edge is uniform. 
[0019] 

An atmosphere in the periphery of the silicon layer 103 at the 
time of beam annealing of the silicon layer 103 is a vacuum, an inert 
gas atmosphere, a nitrogen atmosphere, or an atmospheric air. 
[0020] 

Further, the strength of the laser beam 104 can be appropriately 
adjusted by changing the distance among the attenuator 203, the convex 
lens 205, and the concave lens 206. 

[0021] 

As shown in Fig. 2, a substrate 209 on which the silicon layer 
103 is formed is mounted on a stage 210. While the stage 210 connected 
with a driving system 211 installed perpendicularly or obliquely to 
a travelling direction of a beam is controlled by a computer 212 that 
controls a laser oscillation frequency of the laser source 201, a timing 
for sending the laser, and an operation of the driving system, an 
irradiation position of a pulse beam can be changed. 
[0022] 

In the case where the silicon layer 103 having a wider surface 
area than the geometrical size of the laser beam 104 is annealed, the 
pulse beam has to be irradiated to the surface of the silicon layer 
plural times while the irradiation position is changed. 

[0023] 

Fig. 6 shows a state of crystallization of a silicon layer in the 
case where the irradiation position is changed. 
[0024] 

Fig. 6(a) shows an example in which annealing is conducted to the 
silicon layer while changing the irradiation position of the laser beam 
that is made to pass through the special optical lens 204, the convex 
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lens 205, and the concave lens 206, but not to pass through the mask 
207. The laser beam has the trapezoid-shape energy distribution as shown 
in Fig . 3(a). 
[0025] 

Fig. 3(b) shows the state of the silicon layer in the case where 
the pulse beam having the trapezoid-shape energy distribution is 
irradiated. As shown in Fig. 3(a) , in the case where an energy density 
E of the pulse laser is in a range of O < E < Ei, the silicon layer 103 
does not change. In the case where the energy density E of the pulse 
laser is in a range of E 2 ^ E < E 3 , the silicon layer 103 is changed 
into a high-quality polycrystalline silicon layer 301 having crystals 
with a large grain size. In the case where the energy density E of the 
pulse laser is in a range of Ei £ E < E 2 , the silicon layer 103 is changed 
into a silicon layer 302 having microcrystalline grains. Further, in 
the case where the energy density E of the pulse laser is in a range 
of E 3 ^ E, that is, the case where the energy density is too large, the 
silicon layer is changed into an amorphous silicon layer. Fig. 3(b) 
shows the case where the maximum energy density Em&x of the pulse laser 
is smaller than E 3 . As shown in Fig. 3(b), a polycrystalline silicon 
layer is formed in the center portion 301 of the portion to which the 
beam is irradiated, and a silicon layer having microcrystalline grains 
is formed in the peripheral portion 302. 
[0026] 

Next, as shown in Fig. 6 (a) , the irradiation position is changed, 
and the second irradiation of the pulse beam is conducted so as to form 
a portion 603 that overlaps the portion of the first irradiation. If 
the maximum energy Emax of the pulse beam is the same between the first-time 
pulse beam and the second-time pulse beam, a region 601 and a region 
602 of the silicon layer are in the same crystalline state. Further, 
in case of the above-described amorphous silicon layer with a little 
hydrogen content which is formed by a reduced pressure chemical vapor 
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deposition method or the like, the crystal in the same state can be 
obtained irrespective of the number of times of the irradiation of the 
pulse laser beam 104. Therefore, the region 601, the region 602 and 
the region 603 of the silicon layer are in the same crystalline state. 
However, even if the laser beam with the energy E in the above-mentioned 
range of E 2 < E < E 3 is irradiated to the silicon layer having 
microcrystalline grains in the peripheral portion 302, the silicon layer 
having microcrystalline grains does not change as it is. Further, even 
if the pulse laser with the energy E in the range of the above-mentioned 
range of Ei < E < E 2 is irradiated to the polycrystalline silicon layer 
in the center portion 301, no change is recognized. In Fig. 6(a), an 
irradiation region in which the energy of the pulse beam in the first 
time and in the second time is in the range of Ei < E < E 2 is indicated 
by reference numeral 604. 
[0027] 

Accordingly, when the silicon layer is annealed with the pulse 
beam having the energy distribution in Fig. 3(a) while changing the 
irradiation position, a region 606 of the silicon layer having 
microcrystalline grains is formed as shown in Fig. 6(b) based on the 
above-described reason. 

[0028] 

That is, when the pulse beam with the trapezoid-shape energy 
distribution or the shape similar thereto which has the energy of Ei 
< E < E 2 as shown in Fig. 3(a) is irradiated to the silicon layer 103 
plural times while changing the irradiation position, the silicon layer 
in the nonuniform crystalline state is formed. The characteristic of 
the thin film transistor made of the thus formed silicon layer in the 
nonuniform crystalline state has a nonuniform distribution in the entire 
substrate . 

[0029] 

Fig. 6(b) is a schematic diagram of the distribution of the 
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crystalline state of the silicon layer in the case where the irradiation 
is conducted as in Fig. 6(a) . A region 605 of the high-quality silicon 
layer having grains with a large grain-size and the silicon layer 606 
having microcrystalline grains are formed. 
[0030] 

An example of Fig. 7 shows the state of the silicon layer in the 
case where the laser beam energy distribution is improved in accordance 
with the above-described method. The silicon layer 103 is changed into 
a polycrystalline silicon layer 701 by the first irradiation of the 
pulse beam. Then, the irradiation position is changed, and the 
second-time pulse beam is irradiated so as to form a portion 703 that 
overlaps the portion of the first irradiation. If the energy is the 
same between the first-time pulse beam and the second-time pulse beam, 
the region 701 and a region 702 of the silicon layer have the same 
crystalline state. 
[0031] 

Further, in case of the above-described amorphous silicon layer 
with a little hydrogen content which is formed by a reduced pressure 
chemical vapor deposition method or the like, the crystal in the same 
state can be obtained irrespective of the number of times of the 
irradiation of the pulse laser beam 104. Therefore, the crystalline 
state in the region 703 shown in Fig. 7(a) is the same as that in the 
region 701 and in the region 702. Further, due to the laser beam with 
the rectangular energy distribution as described above, microcrystalline 
grains are not formed at a boundary 704, and thus, there is formed a 
uniform polycrystalline silicon layer with substantially no boundary 
state among the region 701, the region 702, and the region 703. Fig. 
7 (b) is a schematic diagram of the distribution of the crystalline state 
of the silicon layer in the case where the irradiation is conducted 
as in Fig . 7(a) . Only a region 705 of a high-quality silicon layer having 
grains with a large-grain size is formed, and a silicon layer having 
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microcrystalline grains isnot formed. Therefore, when the siliconlayer 
103 over the entire substrate is annealed with the pulse beam with 
appropriate energy having the rectangular energy distribution shown 
in Fig. 5 so as to form overlapping portions of the respective pulse 
beams while changing the irradiation position, there can be obtained 
a uniform high-quality silicon layer 105 having large crystal grains 
over the entire substrate as shown in Fig. 1 (C) . Accordingly, the laser 
beam 208, namely, the laser beam 104 is irradiated to the silicon layer 
103, whereby the unif ormpolycrystalline silicon layer 105 can be obtained 
over the entire substrate. Thus, there can be manufactured a thin film 
transistor with high mobility and high performance which has a uniform 
characteristic over the entire substrate. 
[0032] 

The crystallization of the silicon layer formed by the reduced 
pressure chemical vapor deposition method is described in the 
above-described embodiment. However, even the silicon layer formed by 
PECVD has a hydrogen content of 1% or less after being subjected to 
annealing in a nitrogen atmosphere at 450°C for 60 minutes. Thus, the 
present invention can also be applied to the silicon layer formed by 
PECVD. Of course, the present invention can alsobe applied to the silicon 
layer formed by a sputtering method. 
[0033] 

In the above-described embodiment, the crystallization of the 
silicon layer is described. However, the present invention isnot limited 
to the above-described embodiment, and can also be applied to the case 
where a thin film, a substrate, or the like is uniformly modified over 
a large area by using a pulse laser beam. 
[0034] 

[Effects of the Invention] 

As described above, according to the present invention, the silicon 
layer having a wider surface area than the geometrical shape of the 
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laser beam can be crystallized uniformly, whereby the high-quality 
silicon layer with the large crystal grain size can be uniformly formed 
over the large-surface area substrate by the irradiation of the laser 
beam. Therefore, the thin film transistor with high mobility and high 
performance can be formed over the entire substrate by conducting laser 
annealing at a room temperature. Thus, the active matrix type plane 
display body with a driver circuit incorporated therein can be 
manufactured on the substrate made of not quartz but glass . As a result, 
the plane display body can be formed on not the expensive quartz substrate 
but the inexpensive glass substrate, whereby the cost of the plane display 
body is lowered. 
[0035] 

Further, the silicon layer can be improved to have high quality 
by the pulse excimer layer with a wavelength having a large absorption 
coefficient to the silicon layer. Thus, a three-dimensional 
semiconductor integrated circuit can also be formed. 
[Brief Description of the Drawings] 

[Fig. 1] A process drawing of an embodiment in which a silicon 
semiconductor layer is formed according to the present invention. 

[Fig. 2] A diagram of an optical system in accordance with a method 
in which an energy distribution of a pulse laser beam is improved to 
have a rectangular shape. 

[Fig. 3] A diagram showing an energy strength distribution of a 
laser beam before improvement of the energy distribution and a change 
of a silicon layer with respect to the energy strength. 

[Fig. 4] A diagram of a mask that improves the energy strength 
distribution of the pulse laser beam to have a rectangular shape according 
to the present invention. 

[Fig. 5] A diagram showing the energy strength distribution of 
the improved pulse laser beam according to the present invention. 

[Fig. 6] A diagram showing a change of a silicon layer in the case 
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where the pulse laser beam with the conventional energy strength 
distribution is irradiated plural times. 

[Fig. 7] A diagram showing a change of a silicon layer in the case 
where the improved pulse laser beam according to the present invention 
is irradiated plural times. 

[Description of Symbols] 

101 Transparent insulating substrate 

102 Silicon dioxide film 

103 Silicon layer 

104 Laser beam 

105 Polycrystalline silicon layer 

201 Laser source 

202 Laser beam before improvement 

203 Attenuator 

204 Special optical lens 

205 Convex lens 

206 Concave lens 

207 Mask 

208 Laser beam with rectangular energy distribution 

[Description of Figures] 
FIG. 2 

ENERGY 
X-DIRECTION 

FIG. 6 

IRRADIATION REGION OF THE FIRST-TIME PULSE BEAM 
IRRADIATION REGION OF THE SECOND-TIME PULSE BEAM 

FIG. 7 

IRRADIATION REGION OF THE FIRST-TIME PULSE BEAM 
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